abbreviatioNs ACA = anterior cerebral artery; AUC = area under the curve; DSA = digital subtraction angiography; ICA = internal carotid artery; ICC = interclass correlation coefficient; MCA = middle cerebral artery; MIP = maximum-intensity projection; MMD = moyamoya disease; MMV = moyamoya vessel; MRA = MR angiography; PCA = posterior cerebral artery; PCoA = posterior communicating artery; ROC = receiver operating characteristic; STA = superficial temporal artery; TOF = time of flight. obJective The authors compared the image quality and diagnostic sensitivity and specificity of 7.0-T and 3.0-T MRI and time-of-flight (TOF) MR angiography (MRA) in patients with moyamoya disease (MMD). methods MR images of 15 patients with ischemic-type MMD (8 males, 7 females; age 13-48 years) and 13 healthy controls (7 males, 6 females; age 19-28 years) who underwent both 7.0-T and 3.0-T MRI and MRA were studied retrospectively. The main intracranial arteries were assessed by using the modified Houkin's grading system (MRA score). Moyamoya vessels (MMVs) were evaluated by 2 grading systems: the MMV quality score and the MMV area score. Two diagnostic criteria for MMD were used: the T2 criteria, which used flow voids in the basal ganglion on T2-weighted images, and the TOF criteria, which used the high-intensity areas in the basal ganglion on source images from TOF MRA. All data were evaluated by 2 independent readers who were blinded to the strength field and presence or absence of MMD. Using conventional angiography as the gold standard, the sensitivity and specificity of 7.0-T and 3.0-T MRI/MRA in the diagnosis of MMD were calculated. The differences between 7.0-T and 3.0-T MRI and MRA were statistically compared. results No significant differences were observed between 7.0-T and 3.0-T MRA in MRA score (p = 0.317) or MRA grade (p = 0.317). There was a strong correlation between the Suzuki's stage and MRA grade in both 3.0-T (r s = 0.930; p < 0.001) and 7.0-T (r s = 0.966; p < 0.001) MRA. However, MMVs were visualized significantly better on 7.0-T than on 3.0-T MRA, suggested by both the MMV quality score (p = 0.001) and the MMV area score (p = 0.001). The correlation between the Suzuki's stage and the MMV area score was moderate in 3.0-T MRA (r s = 0.738; p = 0.002) and strong in 7.0-T MRA (r s = 0.908; p < 0.001). Moreover, 7.0-T MR images showed a greater capacity for detecting flow voids in the basal ganglion on both T2-weighted MR images (p < 0.001) and TOF source images (p < 0.001); 7.0-T MRA also revealed the subbranches of superficial temporal arteries much better. Receiver operating characteristic curve analysis showed that, according to the T2 criteria, 7.0-T MRI/MRA was more sensitive (sensitivity 1.000; specificity 0.933) than 3.0-T MRI/MRA (sensitivity 0.692; specificity 0.933) in diagnosing MMD; based on the TOF criteria, 7.0-T MRI/MRA was more sensitive (1.000 vs 0.733, respectively) and more specific (1.000 vs 0.923, respectively) than 3.0-T MRI/MRA. coNclusioNs Compared with 3.0-T MRI/MRA, 7.0-T MRI/MRA detected and delineated MMVs more clearly and provided higher diagnostic sensitivity and specificity, although it did not show significant improvement in depicting main intracranial arteries. The authors speculate that 7.0-T MRI/MRA is a promising technique in the diagnosis of MMD because it is noninvasive compared with conventional angiography and it is more sensitive than 3.0-T MRI/MRA.
M oyaMoya disease (MMD) is an occlusive cerebrovascular disease characterized by stenosis or occlusion at the terminal portion of the bilateral internal carotid arteries (ICAs) and the proximal portion of the middle cerebral arteries (MCAs) and anterior cerebral arteries (ACAs). Compensation for ICA occlusion results in rich arterial collaterals at the base of the brain, the so-called moyamoya vessels (MMVs), which means "puff of smoke" vessels in Japanese. 25, 30 Although its etiology is still uncertain, the disease is found predominantly in Asian populations, which suggests the involvement of hereditary and racial factors. 19 There are 2 main clinical phenotypes of MMD in Asian populations: the ischemic type, which is common in children, and the hemorrhagic type, which is seen mostly in adults. 3, 17, 21, 32 Conventional digital subtraction angiography (DSA) has long been considered the gold standard for diagnosing and assessing MMD. However, since the guidelines for diagnosing MMD with MRI and MR angiography (MRA) were published in 1997, time-of-flight (TOF) MRA has been widely accepted as a noninvasive diagnostic modality. When ICA occlusion and MMVs are found with MRA, conventional angiography is unnecessary, particularly in pediatric patients. 16 The interpretation of high-quality images is crucial when diagnosing MMD with MRI/MRA without conventional DSA. Precise evaluation of abnormal vascular networks in the basal ganglia, in addition to vascular occlusion, is essential for securing a definitive diagnosis of MMD. Nowadays, 3.0-T MR techniques are widely used in clinical situations, and have been reported to show superiority to 1.5-T MR in the diagnosis of MMD. 7, 31 In recent years, however, 7.0-T MRI/MRA has been developed and put into clinical use; it provides a better signal-tonoise ratio and increased T1 relaxation time than does 3.0-T MRI/MRA, which leads to higher-quality MR images, especially in delineating small arteries. 4, 11, 12 To our knowledge, except for one case report, 20 no other study has focused on comparing 7.0-T and 3.0-T MRI/ MRA in diagnosing MMD. Therefore, the purpose of our study was to systematically compare 7.0-T and 3.0-T MRI and TOF MRA images obtained in patients with ischemictype MMD.
methods
All study protocols were approved by the institutional review board of Beijing Tiantan Hospital, Capital Medical University, and written informed consent was obtained from each patient and healthy volunteer. This study enrolled 15 patients with preoperative ischemic-type MMD (MMD group) who were referred to the Department of Neurosurgery at Beijing Tiantan Hospital between January 2013 and July 2014 and 13 healthy controls from the University of Chinese Academy of Sciences (control group). Each subject underwent 3.0-T and 7.0-T MRI and MRA. In addition, every patient with MMD underwent DSA. The main arteries and MMVs and the diagnostic confidence categories were evaluated on 3.0-and 7.0-T MR images separately by 2 independent readers who were blinded to field strength and the presence or absence of MMD.
mmd group selection
The diagnosis of MMD with conventional DSA was based on the guideline reported by Fukui 6 in 1997: 1) stenosis or occlusion of the terminal ICA and the proximal MCAs and ACAs and 2) bilateral involvement; patients with any other disease that might explain the arterial steno-occlusive disease were excluded. Also excluded were patients with a history of intracranial hemorrhage and patients who had received surgical treatment for MMD. DSA and 3.0-T and 7.0-T MRI/MRA were performed within 2 weeks of each other in all patients, and no clinical event occurred between the 3 examinations.
healthy controls
Thirteen healthy volunteers from the University of Chinese Academy of Sciences without any known cerebrovascular disease were enrolled. Each volunteer underwent 3.0-T and 7.0-T MRI/MRA within 1 week each other.
mri/mra acquisition
Our study was performed with a 3.0-T Tim Trio (Siemens) scanner and a 7.0-T Magnetom (Siemens) scanner at the Beijing MRI Center for Brain Research, Institute of Biophysics, Chinese Academy of Sciences. The 3.0-T scanner was equipped with a volume coil for transmitting and a 12-channel phased-array head coil for receiving. The following parameters were used for 3.0-T TOF MRA: TR 22.0 msec, TE 3.7 msec, flip angle 20°, FOV 220 × 220 mm 2 , matrix 384 × 259, slice thickness 1 mm, and resolution 0.57 × 0.85 × 1.00 mm 3 . In the 7.0-T Magnetom scanner, a Nova 24-channel phased-array head coil was used for transmitting and receiving, and the parameters were as follows: TR 37 msec, TE 5. 
image analysis
Image data were assessed on an OsiriX workstation (version 6.0.1). All images were independently assessed by 1 neuroradiologist and 1 neurosurgeon (each with more than 5 years of experience) who were blinded to field strength and the presence or absence of MMD; discrepancies between the 2 readers were resolved by consensus.
As shown in Table 1 , the steno-occlusive severity of intracranial main vessels was evaluated on MRA according to Houkin's grading system (MRA score).
14,34 Evaluations of the 2 sides of the brain were performed separately, and then only the symptomatic or the more severe hemisphere was chosen for the following analysis. All scores were determined mainly on MRA maximum-intensity projection (MIP) images (Fig. 1) , and 3D TOF images were also used referentially. 16 The MRA score was the sum of the ICA, MCA, ACA, and posterior cerebral artery (PCA) scores. Based on MRA scores, MRA stage grading was defined in 4 grades to conveniently evaluate the progress of the disease: MRA Grade 1, MRA score 0-1; MRA Grade 2, MRA score 2-4; MRA Grade 3, MRA score 5-7; and MRA Grade 4, MRA score 8-10. 14, 24 To assess the MMVs under identical circumstances, we evaluated only transverse MIP images instead of reviewing all the angles of the MIP images (Fig. 1) , and T2-weighted MR images were also used referentially ( Fig. 2A and B) . Based on previous studies, we obtained 2 MMV scores to assess the visibility and image quality of the MMVs. According to a study by Jin et al., 16 the MMV area score was used to evaluate the visibility of MMVs; scores range from 0 to 5 based on the 5 regions, including the basal ganglion, anterior communicating artery, MCA-ICA tip, posterior communicating artery (PCoA)-PCA, and basilar artery tip areas, where collateral arteries are frequently seen in patients with MMD. The image quality of MMVs was evaluated with MMV quality scores, as follows: 3, excellent (vessel segments are clearly and continuously visualized, and vessel-tissue contrast appears to be high); 2, visible (vessel segments are visualized and adequate for a confident diagnosis, but vessel-tissue contrast does not appear to be particularly high); 1, scarcely visible (vessel segments are visualized but inadequate for diagnosis); and 0, not visible. 7 According to the guideline, the criteria for diagnosing MMD with MRI and MRA are as follows: 1) stenosis or occlusion at the terminal portion of the ICA and/or at the proximal portion of the ACA and/or the MCA; 2) an abnormal vascular network in the basal ganglia (an abnormal vascular network can be diagnosed when more than 2 flow voids are seen on 1 side of the basal ganglion on MRI); and 3) bilateral appearance of Criteria 1 and 2. 9, 18 In this study, we used 2 methods to evaluate flow voids in basal ganglia. One traditional way is to count the flow void signals on T2-weighted axial MR images ( Fig. 2C and D) . Another method is to count the high-signal-intensity areas in basal ganglia on source images from TOF MRA (Fig. 3) . 23 Therefore, 2 criteria were used for diagnosing MMD in this study: the T2 criteria and the TOF criteria. Image selection from 3.0-T and 7.0-T MR data obtained from the same subject was performed simultaneously, because identical section levels could be selected. Regions of interest in the bilateral basal ganglia were selected carefully without including any cisternal structures. According to the Fushimi et al. 7 study, when counting the highsignal-intensity areas on source images, we determined the threshold for the source images to make the brightest part of brain parenchyma just black out to minimize the variances of the thresholds ( Fig. 3C and D) . In accordance with a Sawada et al. 27 study, the confidence of each MMD diagnosis based on MR images was classified into 1 of 5 categories (5, absolutely positive; 4, probably positive; 3, unclear; 2, probably negative; and 1, absolutely negative).
In addition, MIP images of the superficial temporal artery (STA) in lateral view were also evaluated on both sides for each of the 28 subjects. The main STA, the frontal branch, the parietal branch, and the subbranches were assessed by the 2 observers.
statistical analysis
All statistical analyses were performed with MedCalc Software (Windows version 14.8). MRA scores (including ICA, MCA, and PCA scores), MRA grades, MMV area scores, MMV quality scores, and diagnostic categories according to the T2 and TOF criteria were compared be- tween the 3.0-T and 7.0-T MR images by using the Wilcoxon matched-pair signed-rank test. The paired t-test was performed to compare the number of flow void signals on T2-weighted MR images and the number of high-signalintensity areas on source images from TOF MRA between 3.0-T and 7.0-T MR images, with the left and right sides analyzed independently. Concordance between the 2 observers for 3.0-T and 7.0-T MR images, with respect to the MRA score, MMV area score, MMV quality score, number of flow voids, number of high-signal-intensity areas, and the diagnostic categories, was determined by calculating the interclass correlation coefficient (ICC); an ICC of > 0.75 indicates good interrater agreement. 8 The relationship between Suzuki's stages, MRA grades, and MMV area scores was evaluated with Spearman's rank correlation test. A correlation coefficient (r s ) of > 0.8 indicates strong correlation, and an r s of 0.6-0.8 indicates a moderate correlation. A probability value of < 0.05 was considered statistically significant.
Regarding the diagnostic accuracy of 3.0-T and 7.0-T MRI/MRA, using DSA as the gold standard, receiver operating characteristic (ROC) curves for both techniques were created for statistical evaluation. The area under the curve (AUC) and the 95% confidence interval (CI) for each technique were calculated, and comparisons of the AUCs of 3.0-T and 7.0-T MRI/MRA were performed with Hanlay's method. 10 Moreover, cutoff points were calculated for each technique to maximize sensitivity and specificity. The T2 and TOF criteria were analyzed separately.
results population
For the MMD group, 15 patients with ischemic-type MMD who underwent both 3.0-T and 7.0-T MRI/MRA were enrolled. As shown in Table 2 , there were 8 males and 7 females, with ages ranging from 13 to 48 years (mean 29.1 ± 12.6 years). Clinical presentations included transient weakness of limbs in 8 patients, headache in 4 patients, language dysfunction in 2 patients, and seizure in 1 patient. According to Suzuki's grading system, there were 5 patients with Stage II, 5 with Stage III, 3 with Stage IV, and 2 with Stage V MMD (Fig. 1A and B) .
The control group included 13 healthy volunteers (7 males and 6 females) aged 19-28 years (mean 23.2 ± 2.5 years). No subject had neurological symptoms.
There were no significant differences between the MMD and control groups in regards to sex (p = 1.000, by Fisher's exact test) or age (p = 0.095, by independent t-test).
comparison of mra scores between 3.0-t and 7.0-t mra As shown in Table 2 , for the MMD group, the 3.0-T MRA score ranged from 4 to 10, with 4 patients diagnosed with MRA Grade 2, 7 patients with Grade 3, and 4 patients with Grade 4 (Fig. 1C) ; the 7.0-T MRA score ranged from 3 to 9, with 5 patients diagnosed with MRA Grade 2, 6 patients with Grade 3, and 4 patients with Grade 4 (Fig.  1D) . According to the results of the Wilcoxon matchedpair signed-rank test, there were no significant differences For the control group, no artery stenosis or occlusion was observed; thus, the MRA score was 0 for all volunteers according to both 3.0-T and 7.0-T MRA.
comparison of mmv scores between 3.0-t and 7.0-t mra For the MMD group, as shown in Table 3 , the MMV area score of 3.0-T MRA ranged from 0 to 3 (mean 1.47 ± 1.06) (Figs. 1C and 2A) , and the MMV area score of 7.0-T MRA ranged from 1 to 5 (mean 3.40 ± 1.40) (Figs. 1D and  2B ). A significant difference was found between them (p = 0.001, by Wilcoxon matched-pair signed-rank test). Likewise, the MMV quality score of 7.0-T MRA (mean 2.73 ± 0.46) was also significantly higher than that of 3.0-T MRA (mean 1.33 ± 0.98) (p = 0.001, by Wilcoxon matched-pair signed-rank test).
For the control group, no MMVs were observed in any case. Therefore, the MMV area score and MMV quality score were both 0 for all the controls.
comparison of Number of Flow voids in basal ganglia and diagnostic categories between 3.0-t and 7.0-t mr images

T2 Criteria
The numbers of flow voids in bilateral basal ganglia on T2-weighted MR images are shown in Table 4 . For the MMD group, 0 or 1 flow void was observed in 23 (76.7%) sides on 3.0-T MR images and in 6 (20.0%) sides on 7.0-T MR images. There were significantly more flow voids detected in 7.0-T than in 3.0-T MR images ( Fig. 2C and D) on both the left (p < 0.001, by paired t-test) and the right (p < 0.001, by paired t-test) sides. According to the T2 criteria, the diagnostic categories were significantly higher in 7.0-T than in 3.0-T MR images (p = 0.005, by Wilcoxon matched-pair signed-rank test). For the control group, flow voids in bilateral basal ganglia on T2-weighted images were observed in only 1 control individual (Control 13), with 1 flow void in each side, which were revealed by both 3.0-T and 7.0-T MRI. Because no artery stenosis or occlusion was observed on MRA, the diagnostic category was 1 for all controls for both 3.0-T and 7.0-T MR images.
TOF Criteria
Similarly, as shown in Table 4 , for patients with MMD, 0 or 1 high-signal-intensity area was observed in 14 (46.7%) sides on 3.0-T and only 1 (3.3%) side on 7.0-T TOF MRA source images. The number of high-signal-intensity areas detected in 7.0-T TOF source images was significantly greater than that of 3.0-T TOF MRA source images (Fig.  3) on both the left (p < 0.001, by paired t-test) and right (p < 0.001, by paired t-test) sides. According to the TOF criteria, the diagnostic categories were significantly higher in 7.0-T than in 3.0-T MR images (p = 0.011, by Wilcoxon matched-pair signed-rank test).
For the control group, 0 or 1 high-signal-intensity area was observed in 25 (96.2%) sides on 3.0-T and 21 (80.8%) sides on 7.0-T TOF MRA source images. The number of high-signal-intensity areas detected in 7.0-T TOF MRA source images was also significantly higher than that of 3.0-T TOF MRA source images on both the left (p = 0.014, by paired t-test) and right (p = 0.002, by paired ttest) sides. The diagnostic categories are shown in Table  4 . Although there were 3 controls in category 2 and 1 control in category 3 according to the 7.0-T MR images, and only 1 control in category 2 according to the 3.0-T MR images, no significant differences were observed between them (p = 0.102, by Wilcoxon matched-pair signed-rank test). 
-t mri/mra
The ICCs of MRA scores, MMV area scores, MMV quality scores, number of flow voids, number of high-signal-intensity areas, and diagnostic categories between the 2 observers are shown in Table 5 ; there was good interrater reliability for both 3.0-T and 7.0-T MRI/MRA.
comparison of sta visualization between 3.0-t and 7.0-t mra Both 3.0-T (Fig. 4A ) and 7.0-T (Fig. 4B ) MRA revealed the main STA and the frontal and parietal branches clearly in all 56 hemispheres. In addition, 7.0-T MRA also revealed the subbranches of the STA in 41 hemispheres, but they could not be seen with 3.0-T MRA.
roc curve analysis of 3.0-t and 7.0-t mri/mra Figure 5 shows ROC curves for the 2 techniques according to T2 criteria. The AUC of 3.0-T MRI/MRA was 0.800 (95% CI 0.607-0.926; p = 0.001). The AUC of the 7.0-T MRI/MRA was 0.992 (95% CI 0.862-1.000; p < 0.001). The difference between the 2 AUCs was 0.192, and a significant difference between the 2 techniques was identified by using Hanlay's method (p = 0.024). In addition, cutoff points were calculated for each technique to maximize sensitivity and specificity using ROC curves. The sensitivity, specificity, and Youden index were 0.692, 0.933, and 0.626 according to 3.0-T MRI/MRA (calculated cutoff point > 1) and 1.000, 0.933, and 0.933 according to 7.0-T MRI/MRA (cutoff point > 1), respectively. 
discussion
MRI and MRA are now widely used for the diagnosis of MMD because of their advantages over conventional DSA, which include noninvasiveness, no requirement for a contrast medium, no radiation exposure, and visual priority for detecting other MR findings (infarction, hemorrhage, and cerebral atrophy). 7, 26 It has been reported that the depiction of small MMVs is better with 3.0-T MRA than with 1.5-T MRA, mainly because the signal-to-noise ratio of 3.0-T MR images is approximately twice that of 1.5-T MR images. 1, 7, 33 However, in recent years, 7.0-T MRI/MRA has been developed and provides a better signal-to-noise ratio and increased T1 relaxation time than does 3.0-T imaging, which leads to higher-quality MR images, especially of the small intracranial vessels on TOF MRA. 5, 28 To our knowledge, with the exception of 1 case report, 20 no other study has focused on comparing 7.0-T and 3.0-T MRI/MRA in patients with MMD. Therefore, we performed this study to compare the image quality of 3.0-T and 7.0-T MRI/MRA, with emphasis on their depiction of MMVs and their sensitivity and specificity for the diagnosis of MMD.
Our results show that there was no significant improvement in the depiction of main intracranial arteries on 7.0-T MRA, as demonstrated by the MRA scores (p = 0.317) and MRA grades (p = 0.317). Both 3.0-T and 7.0-T MRA grades had a strong correlation with Suzuki's stage (r s = 0.930 and 0.966, respectively). Compared with 3.0-T MRA, 7.0-T MRA showed many more small arteries and depicted the MMVs much more clearly, as demonstrated by both the MMV area score (p = 0.001) and MMV quality score (p = 0.001). These findings were also consistent with the results of previous studies, which showed that 7.0-T TOF MRA provided only small increases in the signal-to-noise ratio in the primary intracranial vessels but provided better visualization of the first-and second-order branch arteries. 11, 12, 22, 36, 37 Meanwhile, in our study, MMVs in the sylvian fissure, interpeduncular cistern, and quadrigeminal cistern ( Fig. 2A and B) were visualized better on axial T2-weighted 7.0-T MR images.
MRA grades according to 3.0-T MRA have been proven to be associated with Suzuki's stage. 16 Our results correspond with those of previous studies, and 7.0-T MRA did not have a significantly stronger correlation with Suzuki's stage. The MMV score was excluded from the MRA grade, because the development of MMVs was not significantly correlated with Suzuki's stage. 13 However, in a study by Jin et al., 16 there was a good correlation between the MMV score and Suzuki's stage. In our study, the relationship between Suzuki's stage and the MMV area score was moderate for 3.0-T MRA and strong for 7.0-T MRA. We speculate that the probable reason is that the majority (13 of 15) of the patients with MMD were in Suzuki's Stages II to IV, in which the number of MMVs can reflect the severity of the disease.
In addition, visualization of the STA is important, because the STA plays an important role in the surgical treatment of MMD, via either STA-MCA bypass or encephaloduroarteriosynangiosis. Although there was no systematic evaluation of the STA in ultra-high-field TOF MRA, several studies have confirmed better contrast in peripheral segments of intracranial vessels in higher main fields.
29,35
Our results show that both 3.0-T and 7.0-T MRA can depict the main STA and the frontal and parietal branches clearly. However, compared with 3.0-T MRA, 7.0-T MRA showed a greater ability to detect the tiny branches of the STA; subbranches of the STA on 41 hemispheres were detected by 7.0-T MRA but not by 3.0-T MRA. Therefore, we believe that 7.0-T MRA may provide additional information on the STA, which is useful for surgical treatment.
Regarding the diagnosis of MMD with MRI and MRA, the key point is to detect flow voids in the basal ganglion. 2 However, previous studies showed that flow voids in the basal ganglion cannot always be observed on MR images, which lowers the diagnostic sensitivity of the criteria. 23, 27 According to the existing guidelines, the sensitivity of 3.0-T MRI/MRA was only 0.45 in the Sawada et al. 27 study (specificity 1.00) and 0.72 in the Mikami et al. 23 study (specificity 0.74). In our study, according to the T2 criteria, the diagnostic sensitivity of 3.0-T MRI/MRA was 0.692 (specificity 0.933). The low diagnostic sensitivity of 3.0-T MRI/MRA limited its application in the diagnosis of MMD.
In contrast, with respect to 7.0-T MRI/MRA, the diagnostic sensitivity was significantly improved according to both the T2 (sensitivity 1.000; specificity 0.933) and TOF (sensitivity 1.000; specificity 1.000) criteria. The high sensitivity and specificity of 7.0-T MRI/MRA might be beneficial for the diagnosis of MMD. If MMD can be diagnosed definitively by using only 7.0-T MRI/MRA, conventional DSA can be skipped, and the adverse effects of DSA, such as contrast media allergy, can be avoided. Moreover, diagnosing MMD by using 7.0-T MRI/MRA alone may be particularly beneficial for younger patients, because DSA usage in pediatric patients may be complicated by narrow arteries and their need for sedation. In addition, it may be beneficial for patients with slow progression, who can be followed up using MRI/MRA alone and treated conservatively without surgical therapy. In conclusion, diagnosing MMD by using 7.0-T MRI/MRA alone may be beneficial for accurate first diagnosis and subsequent imaging follow-ups. Therefore, we speculate that 7.0-T MRI/MRA is a promising technique for diagnosing MMD, because it is noninvasive compared with conventional DSA and has a much higher sensitivity than 3.0-T MRI/MRA.
This study has several limitations. First, it is based on retrospective research with limitations inherent to the study design. Second, the number of patients with MMD was restricted, because only those who underwent DSA and 3.0-T and 7.0-T MRI/MRA were enrolled. Because 7.0-T MRI/MRA is not a routine clinical technique at present, many patients refused to undergo this examination. The small sample size may have led to false-negative findings of the difference of AUCs between the 2 techniques according to the TOF criteria. Third, the parameters of 3.0-T and 7.0-T MRI cannot be matched exactly because of technology limitations and the retrospective design. Moreover, although the readers were blinded to the field strength, there are some differences in image quality between 7.0-T and 3.0-T images. It is possible that the readers were influenced by these differences. In addition, the study was focused on preoperative imaging, and none of these patients underwent postoperative 7.0-T MRI/MRA. Therefore, we could not assess collateralization postoperatively. Last, we cannot deny the possibility of overestimation of steno-occlusion on MRA, as previously reported.
conclusions
Compared with 3.0-T MRI and MRA, 7.0-T MR images did not show significant improvement in depicting the major intracranial arteries and the main STA, but it detected and delineated MMVs much more comprehensively, and the tiny branches of the STA were also better visualized. The diagnostic sensitivity was improved significantly by 7.0-T MRI/MRA. We speculate that 7.0-T MRI/MRA is a promising technique for diagnosing MMD because of its noninvasiveness compared with conventional angiography and much higher sensitivity compared with that of 3.0-T MRI/MRA. references
